Background ACL reconstruction aims to restore knee function and stability; however, rotational stability may not be completely restored by use of standard intraarticular reconstruction alone. Although individual studies have not shown the superiority of combined ACL reconstruction compared with isolated intraarticular reconstruction in terms of function and stability, biomechanical principles suggest a combined approach may be helpful, therefore pooling (meta-analyzing) the available randomized clinical studies may be enlightening. Questions/purposes We performed a meta-analysis to determine whether combining extraarticular with intraarticular ACL reconstruction would lead to: (1) similar knee function measured by the IKDC evaluation, return-toactivity, and Tegner Lysholm scores, compared with isolated intraarticular reconstruction; (2) increased stability measured by pivot shift and instrumented Lachman examination; and (3) any differences in complications and adverse events? Methods To identify randomized controlled trials (RCTs) comparing combined intra-and extrarticular ACL reconstruction (combined reconstruction) with intraarticular ACL reconstruction only, we searched MEDLINE, EMBASE, SPORTDiscus, Latin American and Caribbean Health Sciences (LILACS), and the Cochrane Central Register of Controlled Trials, and followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) criteria. The main outcomes we sought were patient function and stability and complications after ACL reconstruction. Of 386 identified studies, eight RCTs were included (n = 682 participants; followup, 12-84 months; men to women ratio, 2.17:1) in our meta-analysis. Study quality (internal validity) was assessed using the Cochrane risk-of-bias tool; in general, we found a moderate quality of evidence of the included studies. Results When functional outcomes were compared, we found no difference between patients who underwent intraarticular ACL reconstruction only and those who underwent combined reconstruction (IKDC, return-to-activity, and Tegner Lysholm scores). However, patients who underwent combined reconstruction were more likely to show improved stability based on the pivot shift test (risk ratio [RR], 0.95; 95% CI, 0.91-0.99; p = 0.02) and Lachman test (RR, 0.93; 95% CI, 0.88-0.98; p = 0.01). In addition, our meta-analysis found no difference between the two treatments in terms of general complications or adverse events (RR, 1.31; 95% CI, 0.70-2.34; p = 0.40) and the proportion of patients whose reconstructions failed (RR, 2.88; 95% CI, 0.73-11.47; p = 0.13).
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Introduction
ACL reconstruction is reported to produce good or excellent results in more than 90% of patients [9] ; however, it remains unclear whether intraarticular single-bundle ACL reconstruction can provide adequate restraint against rotational forces in all ACL-deficient knees [21, 34, 37] . Residual rotational instability after ACL reconstruction is thought to be a cause of recurrent injuries [6] . The more anatomic double-bundle ACL reconstruction was proposed to overcome potential rotatory instability of the knee, but consensus has not been reached regarding its widespread use [26, 27, 44] . In addition, studies have shown that the posterolateral bundle contributes little to rotational stability of the knee; this function might be performed by peripheral structures such as the anterolateral ligament [8, 28, 45] .
Although not yet well established, these findings may support the concept of anterolateral instability associated with ACL injury described by Hughston [17] but perhaps neglected in the modern era of arthroscopic intraarticular ACL reconstruction.
A better understanding is needed of the relationship between residual rotatory instability after standard intraarticular ACL reconstruction [10, 21, 37] and the potential benefits of adding a lateral extraarticular reconstruction [25] . Because some ACL injuries result in damage to central and peripheral structures leading to complex rotatory instability [5, 22] , the addition of a lateral extraarticular procedure to intraarticular ACL reconstruction may stabilize rotational knee laxity and decrease graft forces [12, 24] .
However, the extraarticular procedure adds to the morbidity of patients undergoing ACL surgery [30] . The combined reconstruction technique is more technically demanding, requires an additional incision, and is more time-consuming [38] . Increased incidence of patellofemoral crepitation and loss of knee motion also are associated with certain extraarticular techniques [3] . Furthermore, studies have not shown the superiority of combined ACL reconstruction compared with intraarticular reconstruction alone [1, 14] .
We conducted a systematic review and meta-analysis of Level I randomized controlled trials (RCTs) to determine whether adding an extraarticular ACL reconstruction (any technique) led to (1) similar knee function measured by IKDC evaluation, return-to-activity, and Tegner Lysholm scores compared with isolated intraarticular reconstruction; (2) increased stability measured by pivot shift and instrumented Lachman examination; and (3) any difference in complications and adverse events.
Search Strategy and Criteria
We registered the systematic review protocol at the PROS-PERO international database [43] . In addition, we followed the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [20] .
RCTs comparing combined intra-and extraarticular ACL reconstruction with intraarticular ACL reconstruction only were eligible for our meta-analysis. Studies were included if they evaluated skeletally mature individuals of both sexes with ACL rupture who had undergone primary reconstruction regardless of graft type or reconstruction technique (intraarticular or extraarticular). Trials in which patients underwent revision surgery after previous ACL reconstruction were excluded.
Two authors (FCR, VYdM) independently searched the electronic databases MEDLINE, EMBASE, SPORTDiscus, Latin American and Caribbean Health Sciences (LILACS), and the Cochrane Central Register of Controlled Trials from inception to April 2014. Ongoing and recently completed trials were identified by searching ClinicalTrials.gov (Appendix 1; supplemental materials are available with the online version of CORR 1 ). We did not apply any restrictions based on languages and translation services were used when needed. Reference lists from relevant articles were checked for completeness. We also hand searched abstracts of conferences (from first meeting available online to 2014) of the International Society of Arthroscopy, Knee Surgery and Orthopaedic Sports Medicine; American Orthopaedic Society for Sports Medicine; and American Academy of Orthopaedic Surgeons.
Our literature search identified a total of 386 studies, and after exclusion of obviously irrelevant and duplicate reports, nine full-text articles were retrieved for evaluation. We have recognized two reports of the same study; although we combined useful data from both reports, most relevant information was extracted from the full text report [14] . We excluded another study [29] that was not an RCT. The remaining eight studies (Appendix 2; supplemental materials are available with the online version of CORR 1 ) met the inclusion criteria for our systematic review ( Fig. 1 ). Two authors (FCR, ALCM) independently extracted data from eligible studies by completing a predesigned data form. Function and stability (primary outcomes) were assessed as: (1) results of validated measures of knee function [18, 23, 40] ; (2) return to previous activity level; and (3) knee stability (pivot shift test, Lachman test, and KT-1000 and KT-2000 arthrometer [MEDmetric Corporation, San Diego, CA, USA] testing of side-to-side differences). Complications, adverse events, and graft failures (secondary outcomes) were assessed as treatment failure (graft failure), adverse events (recurrent meniscal injuries, infection, and knee stiffness), and radiographic findings (degenerative changes).
Study quality (internal validity) was assessed using the Cochrane risk-of-bias tool [16] . In general, we found the included studies to be of moderate quality on this scale. As would be expected in a population of surgical RCTs, the most common shortcoming was blinding of patients and surgical personnel (Fig. 2) .
All statistical analyses were performed using Review Manager (RevMan 5.1; The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark) statistical software [41] . Treatment effects were expressed as risk ratios (RRs) for dichotomous outcomes and mean differences for continuous outcomes with 95% CIs. For data judged to be homogenous, a fixed-effect meta-analysis was performed. The heterogeneity of treatment effects was appraised visually by observing overlapping CIs in forest plots and the direction and magnitude of treatment effects. In addition, I 2 statistics were calculated for an objective assessment of heterogeneity. High heterogeneity was indicated by the absence of overlapping CIs in forest plots and I 2 greater than 50% and the reasons for heterogeneity were investigated. Subgroup analysis was performed when Fig. 1 The study flowchart is shown. RCT = randomized controlled trial; Studies included (n = 8; 9 reports) = one study had two reports derived from the same sample.
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Combined Versus Isolated ACL Reconstruction 2611 feasible. Publication bias was assessed by visual inspection of funnel plots from primary outcomes (Fig. 3) . Assessments may lack precision owing to the small number of trials. The studies are well distributed along the plot and publication bias is not a major concern. As a safeguard, we hand-searched gray literature in the area aiming to find studies with nonrelevant or negative results.
Results

Function and Stability
IKDC subjective scores did not differ with the numbers available between patients who underwent intraarticular ACL reconstruction only compared with patients who underwent combined ACL reconstruction (RR, À0.21; 95% CI, À4.52 to 4.09; p = 0.94). The IKDC objective score is reported as A (normal), B (nearly normal), C (abnormal), or D (severely abnormal) [18] . IKDC scores of A or B did not differ between the two groups (RR, 0.96; 95% CI, 0.89-1.03; p = 0.30) (Fig. 4) . In addition, treatment groups did not differ regarding Tegner Lysholm activity scores and the proportion of patients able to return to their previous activity levels ( groups (RR, 1.31; 95% CI, 0.70-2.44; p = 0.84). Five studies [1, 3, 15, 42, 46] reported graft failure after ACL reconstruction; three of the studies had no subjects with graft failure [15, 42, 46] , leaving two studies for our metaanalysis [1, 3] , which indicated no difference between the two treatments in terms of the proportion of patients whose reconstruction failed (RR, 2.88; 95% CI, 0.73-11.47; p = 0.13) (Fig. 6) . The rates of specific complications (infection, knee stiffness, and recurrent meniscal injury) that were individually meta-analyzed and the proportion of patients with radiographic evidence of degenerative changes were not different between the two groups (RR, 0.99; 95% CI, 0.60-1.64; p = 0.98).
Subgroup Analyses
Analyses were performed to determine whether outcomes after ACL reconstruction varied according to graft type. Pooling the data for studies evaluating ACL reconstruction with bone-patellar tendon-bone (BPTB) grafts only, the proportion of patients with normal or nearly normal results of pivot shift and Lachman tests were not different between the two treatment groups (pivot shift: RR, 0. (Fig.7) . However, the two groups did not differ in terms of the proportion of participants with normal or nearly normal pivot shift test results (RR, 0.94; 95% CI, 0.86-1.04; p = 0.21; I 2 = 69%).
Discussion
Relatively consistent results of standard isolated intraarticular ACL reconstruction have been reported and findings have shown recovery of knee function in the majority of patients [9] . However, rotational stability may not be restored by intraarticular reconstruction alone [6, 21, 37] . The main finding of our meta-analysis was that compared with intraarticular ACL reconstruction only, combined intra-and extraarticular ACL reconstruction resulted in no differences in knee function or complications. Although knee stability was superior in the combined intra-and extraarticular ACL reconstruction group, pivot shift and Lachman test results were only marginally improved. Potential weaknesses of our meta-analysis include methodologic limitations such as possibly missing data (from nonpublished studies) and selective reporting. The included studies incurred losses to followup and reasons for patient loss to followup were underreported. The limited number of included trials determined outcomes with a small number of patients pooled for analyses, lessening the power of some comparisons. As literature interest in this topic may increase, future analyses may reveal additional answers to the uncertainties of our review. Considerable variability in ACL reconstruction techniques evaluated in the included studies was another concern. Although it would be reasonable to think that the variability would lead to high heterogeneity, that was not the case. Most outcomes showed low heterogeneity, allowing conclusions to be drawn. Subgroup analyses, which were limited to graft type, revealed differential effects of BPTB and hamstring grafts, as previous reports have suggested [31, 33] . In addition, most extraarticular procedures described in the included trials are nonanatomic. As knowledge of the anterolateral compartment anatomy of the knee evolves, repair techniques of specific structures and more anatomic extraarticular reconstruction techniques may be developed, which may improve results and minimize donor site morbidity [12] .
Another relevant issue is evaluation of knee rotatory instability. Improvement in patient satisfaction and knee function has been shown to maintain straight association with knee rotatory stability, therefore interest has grown in increasing reliability of diagnostic and treatment methods of rotatory stability after ACL reconstruction [19] . The pivot shift test remains the main tool to address rotational instability, as other knee rotation assessments are not standardized [4] . However, confounding factors such as differences in performance methods, strength torque applied, and excessive subjectivity in the examiner's interpretation of pivot shift evaluation may diminish its usefulness [48] . As a result, knee rotation objective outcomes should be interpreted with caution given the low reliability of available tools.
A broadly discussed topic in current ACL research is graft placement [36] , which has straight correlation with knee rotational stability although it was not considered in the trials of our review. Furthermore, reports showing residual instability after ACL reconstruction mostly are outdated, and consequently an old-fashioned vertical tunnel might be the origin of this high rate of reported rotational instability [6, 21, 37] . Therefore, considering the actual trend of more horizontal and anatomic graft placement, which also aims to improve rotational control, we may assume that an additional extraarticular procedure becomes a more invasive option than simply rectifying ACL graft position.
Additional research is needed to standardize outcomes, highlighting validated subjective and objective scores and knee stability tests, and to evaluate ACL reconstruction failure during long-term followup. In addition, combined intra-and extraarticular ACL reconstruction should be done using current anatomic isolated intraarticular techniques. Strict and standardized inclusion criteria also are needed to determine the types of ACL injuries that will benefit from combined reconstruction techniques. Revision and challenging primary cases should be taken into account. Although our study presents the best available evidence on the topic, methodologic refinements must be adopted to strengthen the quality of the evidence. Proper randomization and allocation concealment along with detailed descriptions of procedures used to blind participants and collect outcome data are needed to improve future trials.
Patient-reported outcome scores (postoperative IKDC scores, Tegner Lysholm scores, and return-to-activity level) were similar between the two treatment groups, showing that the association of the extraarticular procedure did not influence final clinical results. These findings confirm what individual trials have shown [1] [2] [3] , and even our larger sample size did not change that. Therefore, combining or not combining the extraarticular surgery should not be the primary concern in ACL surgery, at least regarding the overall population with ACL injuries. Further primary aspects in ACL surgery, such as fixation methods, correct tunnel placement, and postoperative programs [47] , possibly have greater influence in final clinical results and should be addressed before considering the combined procedure.
Improved pivot shift stability in the combined procedure was expected given the role of extraarticular repair as a secondary restraint to rotational control [8] . Some ACL injuries may be more complex than previously believed, and a combination of central and peripheral structures appear to be involved in the pathoanatomy of pivot shift injury. Previous studies also have shown that the addition of an extraarticular lateral restraint can decrease rotational instability, as assessed by the pivot shift test [12, 13, 24] . Understanding the improved Lachman test results among patients who underwent combined ACL reconstruction is less straightforward. The improvement may be related to the protective effect of the extraarticular procedure during the ligamentization process. During ligamentization, the graft is subject to various forces that can deform, elongate, or even rupture it. The forces may be partially dissipated by the extraarticular procedure thereby preventing some elongation and optimizing the biomechanical environment for ligamentization [7, 31] . Results of subgroup analyses regarding type of graft also support these findings. Unlike the comparison using only BPTB grafts for intraarticular reconstruction in combined and isolated ACL reconstruction groups, analysis of procedures using only hamstring grafts showed that a substantially greater proportion of patients who underwent combined reconstruction achieved normal or nearly normal Lachman test results and side-toside differences less than 3 mm on KT-1000 arthrometer testing. Results of our subgroup analyses of superior stability of BPTB grafts compared with hamstring grafts may be related to the delayed ligamentization of hamstring tendons as opposed to BPTB grafts [7, 11, 31] . As a result, the hamstring graft may be more disposed to deformation and elongation during ligamentization, which may be prevented by the addition of an extraarticular procedure [32] . However, the differences we found in terms of additional stability with the combined procedure were small, and although they were statistically significant, it is possible that they were not clinically important. Previous studies have determined a direct correlation between objective assessment of ligament stability and subjective outcomes of function [4, 19] . As our results indicate that patient-reported functional outcomes were similar between both treatment groups, we may assume that the slight increase in stability offered by the addition of the extraarticular procedure did not reach a minimum threshold to be clinically perceptible to patients. Future studies will need to determine whether the incremental benefits in joint stability with a combined approach justify the added surgery associated with the combined approach.
Complications and adverse events did not differ between the groups in our study. Our meta-analysis found no difference between the two treatments in terms of the proportion of patients whose reconstructions failed, however graft failure was reported in only two studies [1, 3] included in our analysis. Because revision rates are higher for hamstring ACL reconstruction than for BPTB ACL reconstruction [33, 35] , analysis of a larger, pooled sample size may reveal a lower failure rate after combined ACL reconstruction when hamstring grafts are used. The Lemaire technique for extraarticular lateral tenodesis has been associated with osteoarthritis affecting the lateral side of the knee, suggesting that the addition of an extraarticular procedure can cause early degenerative changes [30] . Nevertheless, our study showed no difference in the proportion of patients with radiographic evidence of degenerative changes between the two treatment groups, which is consistent with findings in the literature [24, 32] . In contrast to other studies [3, 15] , we found no difference between the two groups regarding knee stiffness. The postoperative rehabilitation program may have negatively influenced the results of Anderson et al. [3] and Goertzen and Schulitz [15] , which were based on immobilization with a brace and early restricted ROM. Despite the additional lateral knee incision required for the extraarticular procedure and some authors suggesting a higher infection rate with the combined procedure [39] , this complication was similar in both treatment groups. Ultimately, reoperation rates for recurrent meniscal injuries were not different in the two intervention groups. Nevertheless, all adverse events were underreported in the trials included in this review, therefore future data with longer followup will enhance the power of these analyses.
The strengths of our meta-analysis include a preestablished protocol to identify relevant outcomes after ACL reconstruction, including patient function indicated by IKDC scores, Tegner Lysholm scores, and proportion of patients able to return to previous activity level; knee stability tests; and adverse events such as graft failure rates. In addition, the demographic characteristics of the patients were relatively homogeneous and the included studies showed relatively high internal validity. We found that combined intra-and extraarticular ACL reconstruction showed no difference in knee function compared with intraarticular ACL reconstruction only. Although some advantage was shown regarding knee-stability tests after combined reconstruction, it remains unclear whether it is justified at the cost of an additional procedure. Data indicate that the addition of the extraarticular procedure provided superior stability to ACL procedures with hamstrings grafts. In contrast, ACL procedures with BPTB grafts did not show stability improvement when comparing combined ACL reconstruction with isolated intraarticular reconstruction. Future studies are needed to determine which groups of patients might benefit from combined ACL reconstruction. Research should focus on detecting complications, such as graft failure and knee stiffness, because data regarding adverse events after combined ACL reconstruction are limited.
